Abstract. Astiani D, Curran LM, Mujiman, Ratnasari D, Salim R, Lisnawaty N. 2018. Edge effects on biomass, growth, and tree diversity of a degraded peatland in West Kalimantan,. Tropical forested peatlands in Indonesia are threatened by logging and clearing which reduce their ecosystem functions and degrade the environment. Land use change activities disturbed intact forests, resulted in landscape fragmentation. Scattered forest matrices resulted in forest edge areas, which will considerably affect the forest biotic and abiotic conditions, as well as forest tree dynamics within the edge sites. The goal of this study was to investigate the effect of forest edge on perimeter of the forest fragment on the forest biomass stock, growth, tree basal area as well as species composition, richness and abundance in a degraded peatland forest in West Kalimantan. A twelve-ha forest was divided into 35 plots in the interior forest and 13 at the forest edge; each plot was 50 m by 50 m in size based on their abiotic conditions such as light and temperatures. Leaf Area Index (LAI) was measured in each plot of both forest edge and interior sites using Licor-2100. The results indicated that even though the biomass levels maintained relatively moderate to high levels on both sites, forest edge significantly lowered forest biomass by 32%, reduced 23-25% of tree-biomass growth per unit area for both tree diameter of 10-20 cm and >20 cm. There was a shift of tree species composition, 76 species were found on both sites, 24 species were not found in edge site, but present in the interior site and 10 species were found only in edge site. Peatland forest matrix created forest edges that are lowering peatland forest roles in sequestering carbon per unit area and reducing species diversity. Peatland forest restoration should be conducted to reduce forest matrices and to lower the edge effects.
INTRODUCTION
Tropical forested peatlands provide various ecosystem services, not only to local people and surrounding nature, but also to global population such as biodiversity conservation, hydrology regulation, and carbon storage. However, the ecosystem experiences enormous pressures lately and deserves special attention to prevent its continuous destruction (Celine et al. 2013) . Achard et al. (2002) and Miettinen et al. (2011) stated that the deforestation rate of intact forest in Southeast Asian tropical peatlands, concentrated in Sumatera and Kalimantan, Indonesia, was 3.4% per year from 1990-2010. Similarly, tropical forests in Indonesia are also threatened mainly due to anthropogenic activities such as logging and land use and land cover changes (Margono et al. 2012) .
Land use and land cover changes cause forest fragmentation which leaves relatively small to large, isolated patches of forest remnants. Forest fragmentation is one of the largest threats to biodiversity in forests (Bierregaard 2001) . Forest fragmentation usually creates edge effect, which refers to the changes in population or community structures that occur at the boundary of two habitats. Forest degradation can lead to temporary or permanent destruction, having a negative effect not only on forest vegetation structure, but also on species composition (Astiani 2016) ; furthermore, the condition can lead to productivity reduction (Grainger 1993; Lambin 1999) . Since tropical forests play a major role in regulating global carbon fluxes and stocks, especially in peatland (Maltby and Immirzi 1993; Brown 2002; Hooijer et al. 2010; Astiani and Ripin 2016) , even a very small alteration to carbon balance in this biome can have a huge effect on atmospheric greenhouse gasses especially carbon dioxide (Rieley and Page 2005; Hooijer et al. 2006; Uryu et al. 2008; Wood et al. 2012) . Globally, however, deforestation and forest degradation are threatening forest's function in CO2 sequestration Saatchi et al. 2011) , as well as degrading peatland forest role in inputting water and nutrient to soil (Astiani 2017a) . Moreover, deforestation and forest degradation account for approximately 12% of global Greenhouse Gas (GHG) emission (Van Der Werf et al. 2009 ).
Forest edges are presumed to have deleterious impacts on the trees that remain in the adjacent forest. Previous 273 studies mentioned that they cause forest structure damage (Laurance et al. 1999) , and lead to degradation on forest fragments (Gascon et al. 2000) . To improve the knowledge on the consequences on forest edge in West Kalimantan peatland forest, the objective of this study was to investigate the effects of forest edge on biomass, growth, mortality and tree diversity of peatland forest in West Kalimantan, Indonesia.
MATERIALS AND METHODS

Site selection and description
The study was conducted in previously logged peatland forests with an ombrotrophic, coastal type peatland in Kubu Raya District, West Kalimantan Province, Indonesia. The study site was selected based on intensive survey and satellite image searching (Landsat ETM+, 30m resolution) that showed unfragmented forest block representing degraded peatland forest in the area. The dominant species in this forest site were Litsea gracilipes (Lauraceae), Pometia pinnata (Sapindaceae), Litsea resinosa (Lauraceae), Tetramerista glabra (Tetrameristaceae), Elaeocarpus griffithii (Elaeocarpaceae), Litsea nidularis (Lauraceae), Shorea uliginosa (Dipterocarpaceae) and Neonauclea excelsa (Rubiaceae).Throughout the 12-ha area, peat depth was measured and sampled using Russian Peat Corer (Aquatic Research Instrument) coupled with Garmin eTrek GPS readings, and then peat depth distributions were mapped. At this focal site, peat depth ranged from 2.6 m to 5.4 m. Leaf Area Index (LAI) was measured within each plot of interior and edge sites using Licor-2100.
Sampling approaches for collecting data Biomass and growth assessment
In the previous studies (Astiani 2014) , forest tree population was measured within the 12 ha forest block. This area was selectively logged (non-mechanized). Stumps inventory available provided an estimation of 12 trees per ha (> 30 cm DBH), either removed or lost during felling over the site. Local villagers reported that they felled many species of tree, mostly Shorea spp. (Dipterocarpaceae) and Gonystylus spp. (Thymeleaceae) in 2002-2004 for local construction. In 2011, the remaining Dipterocarpaceae trees comprised 6.8% of the understorey (<10 cm DBH) and 3% of canopy trees (≥10 cm DBH). Mean stem density and tree basal area (>10 cm DBH) yielded 458 trees per ha and 9.73 m 2 per ha and included at least 104 tree species within 31 families whereas seedling (diameter <5 cm) and sapling (5-10 cm DBH ) inventory recorded 25,390 ± 1,433 seedlings per ha and 1,113 ± 44.8 saplings per ha (Astiani et al. 2017b) .
Based on overlaying Landover Map 2010 and SRTM Spectra with 90 m Resolution, and field vegetation and canopy closure survey, this area was classified into slightly, moderately and highly degraded forest, then the 3 categories were divided into two site conditions, i.e., forest edge and interior. Based on the microclimates condition, the forest edge was classified at approximately 50 m outer layer of the forest fragments. For tree measurement, 13 50 m x 50 m plots were established surrounding the forest fragment to represent forest edge, and 25 50 m x 50 m plots were established within the forest interior site.
Within each plot across both sites (edge and interior) in the study area, tree stems with >10 cm DBH were mapped, tagged, identified to species or at least genus and monitored for growth and mortality for 6 consecutive years. Stems (<10 cm DBH) were measured with a caliper and given a permanent red paint mark at the point of measurement. All stems with >10 cm DBH were fitted with steel dendrometer bands, following Paoli et al. (2008) . Dendrometer bands were placed at 1.3 m above the ground or 20 cm above the buttresses and other bole irregularities. The red paint was renewed every six months to prevent visual loss if dendrometer bands rot or were lost. Each tree diameter and biomass growth were measured annually.
Following Astiani (2014) and Paoli and Curran (2007) , in this study, we used equation to estimate above-ground biomass produced by Chave et al. (2005) for tropical moist forest that incorporates specific wood densities in the equation. Above-ground net tree biomass was defined as the cumulative growth of all trees that survived through each sampling interval (10-20; and >20 cm DBH following Clark et al. (2001) and Paoli and Curran (2007) .
Tree species identification
All tree species were identified and registered. Several approaches were used for identifying tree species in the field, such as bringing species identification key to the field along with some local tree experts and taking herbarium samples. To confirm the species identification, the unknown/unidentified herbarium samples were sent to Indonesian Science Institute (LIPI) botanical collection. The results from LIPI were then brought back to local tree experts to confirm the tree species and to be used for future tree identification.
Data analysis
Throughout this paper, the collected and analyzed data are presented as means and standard errors (SE), while cumulative data are presented as summed data. Trees within a plot were grouped into two size classes (i.e. 10-20 and >20 cm DBH). Biomass and growth of all stems within a size class were summed. Comparisons between edge and interior sites on biomass stocks, growth, basal area, and Leaf Area Index (LAI) were examined using simple t-tests. All analyses were performed using Sigmaplot version 11.2 (Systat Software Inc. 2011).
RESULTS AND DISCUSSION
Edge effects on forest biomass
This study indicated that forest fragmentation reduced forest biomass on the perimeter of forest matrix. Edge site was significantly different from interior site (t-test, t =-2.717; df = 44; P = 0.009). Edge effects decreased the biomass of trees with >10 cm DBH by about 32%. The total of tree means biomass within interior site was 302.1 ± 19.4 ton/ha as opposed to those within edge site which was 206.0 ± 26.5 ton/ha (Fig. 1) . The results indicated that in this peatland forest ecosystem, edge effect caused a shift in forest conditions. The impacts of edge effect on forest vegetation could be negative, neutral or positive, depending on the reaction. There were no general patterns on edge effect impact on forest vegetation (Murcia 1995) . However, changes in physical environment caused by edge effect might directly affect forest structure which can lead to changes in forest biomass The biomass decreased on edge sites, yet the tree biomass remained relatively high in peatland forest.
The edge effects, however, did not significantly affect tree basal area (Fig.2 ), yet the basal area was a bit lower in edge sites. The results of basal area quantities showed that the trees space of the area occupied relatively similar area. Further observation revealed that there were fewer trees with larger diameter found within edge site compared to the interior one.
Comparing forest growth within edge and interior sites
Forest growth was affected by edge effects. Besides, the reduction of tree biomass stocks and the ability of forest vegetation (i.e., trees) to store biomass also decreased. Edge effects lowered tree biomass storage by 23-25%, for both trees with diameter of 10-20 cm and >20 cm. This result implied that the opening sites at forest edge caused the forest growth reduction in general, not only for large trees, but also for the small ones (Fig. 3) .
LAI readings from both sites were significantly different (Fig. 4) . Forest edges caused either more light availability at edge site which promotes tree growth or decrease of growth which killed some light intolerant species. Thus, the forest conditions that affected tree biomass might differ among forest ecosystems. Results of this study indicated that biomass stocks and tree growth were larger in interior than that in edge sites. The results were consistent with those of Astiani (2014) who found that tree growth was significantly affected by tree biomass stocks. The previous study also demonstrated that even though individual tree showed increasing diameter growth, the amount of collective landscape biomass growth (ton/ha) was decreasing because of lower tree density within forest edge sites. Edge effects on species richness Species richness was altered by forest edge effects in this tropical peatlands. Edge site caused decrease of species richness of forested peatlands. The interface between forested and nonforested peatland ecosystem that usually has limited continuous canopy closure changes the forest tree composition and their species abundant (Harper et al. 2005) . This results showed similar trend to those of other studies, such as Sizer and Tenner (1999) in young tropical forest in Amazon forest, temperate (Macquarrie and Lacroix 2003) , and Rheault et al. (2003) in boreal areas. Among all edges, there are two similar shift: exchange or flow of energy, material, and organisms, and changes in biotic condition (Cadenasso et al. 2003) .
Tree species richness in the edge sites was reduced by 21% and 7%, for trees having diameter of >20 cm and 10-20 cm respectively (Fig. 5) . One hundred and four tree species were found in this peatland forest. Tree composition was shifted approximately by 31%, Eighty species were found in both sites, 20 species were not found in the edge site but present in the interior site, and 4 species were found only in the edge site (Table 1. ). The dominant tree species that could be lost were, for example, medang lendir (Litsea gracilipes), ubah merah sp1 (Syzygium lineatum), kayu malam (Diospyros maingayi), kempas (Koompasia malaccensis), terentang merah (Gluta wallichii), and keminting hutan1 (Mezzetia sp.). Some other species found their new site at forest edge such as tenggayun (Artocarpus sp.), buah ular (unknown), parak (Chisocheton patens), petai belalang (Archidendron borneense), and menjalin (Xanthophyllum ellipticum).
Further investigation indicated that 52 species had lower abundance in the edge sites, for example, kasai (Pometia pinnata), mempening (Elaeocarpus griffithii), punak (Tetramerista glabra), meranti bunga (Shorea uliginosa), medang perawas (Litsea resinosa), medang keladi (Litsea nidularis), etc.. On the other hand, the tree abundance of 24 species was increasing in the edge sites (Table 1) .
Edge effects also affected species distribution within the edge sites. It might be because of different levels of tolerance of light among tree species (Murcia 1995) . Results of this study showed that tree with diameter of >10 cm had lower density in the edge site (391 trees per ha) than that in the interior site (470 trees per ha). Different species composition, richness, and abundance might be due to the changes in their physical environment and biotic condition such as competition in the edge site.
This study demonstrated that forest matrix, which produced edge sites, lowered peatland forest roles in sequestering carbon per unit area and reduced species density and diversity. Changing land use from peatland forest to other types of land use should consider the impact on species loss and extinction, especially at the edge or perimeter site of peatland forest. The alteration of biotic and abiotic conditions in forest edge would consequently change the tree species composition of peatland forest, even though the forests themselves were still present among other land covers. Maintaining intact forested peatland and enhancing peatland forest restoration should be conducted to reduce forest matrices and to lower the edge effects.
In conclusion, forest fragmentation established edge effects in peatland forest based on their biotic and abiotic measures under two site conditions, i.e., edge and interior parts. Changing land use from forested peatland to other types of land use must consider the impact on species loss and extinction as well as microsite condition. 
